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ABSTRACT  
We propose a new lateral power metal-oxide semiconductor 

field-effect transistor (MOSFET) on InGaAs. The proposed 

structure is obtained by incorporating two trenches in the drift 

region of a standard power MOSFET structure. The modified 

device design provides reduction in electric field in the drift 

region leading to significant improvement in the device 

performance in terms of breakdown voltage and figure-of 

merit. Two-dimensional numerical simulations are used to 

evaluate and compare the performance of new device with that 

of the standard MOSFET for identical cell pitch, gate length 

and drift region doping. Our simulation results show that the 

proposed device can provide 3.2 timeôs higher breakdown 

voltage and 3.8 times improvement in figure-of-merit over the 

conventional device. 

Keywords: MOSFET, InGaAs, lateral, trench-gate, figure 

of merit. 

INTRODUCTION  
Presently, silicon is a dominant semiconductor material used 

for fabrication of laterally-diffused metal-oxide semiconductor 

field-effect transistors (LDMOSFETs) which are playing a key 

role in many RF applications such as monolithic microwave 

integrated circuits, power amplifier socket in handsets, and 

optoelectronics circuits [1]ï[4]. As silicon based power devices 

are approaching their performance limits due to inherent 

material properties, there is a need to consider new 

semiconductor materials to overcome the challenges faced by 

silicon technology. In the recent past, InGaAs has emerged as a 

potential semiconductor material for future power 

LDMOSFETs due to its high electron mobility. For the first 

time, Steighner et al. [5] reported the use of InGaAs in power 

LDMOSFET. The authors have established that the 

performance of an InGaAs power LDMOSFET is better as 

compare to its silicon counterpart. Recently, Singh et al. [6] 

reported the trench dual gate power LDMOSFET structure on 

InGaAs. This structure utilises two gates placed in two separate 

trenches on both sides of theP-body region to enhance the 

current conduction and reduce electric field in the device. The 

authors have reported that the novel structure can provides 

significant improvement in output current, threshold voltage, 

on-resistance, transconductance and breakdown voltage at a 

cell pitch of 4 ɛm. However, in this structure, further reduction 

in the cell pitch is limited by lateral dimensions of the device. 

In order to reduce fabrication cost and increase packaging 

density, short cell pitch devices are always desirable. In this 

work, we modified the standard power LDMOSFET structure 

to improve the performance parameters with a cell pitch of 3 

ɛm. The proposed structure has two trenches in the drift region 

in which one trench is containing additional gate and other 

trench is filled with Al2O3. The presence of two-gate enhances 

the current conduction in the device while the trench-structure 

reduces the electric field inside the drift region leading to 

higher breakdown voltage of the device. Two-dimensional 

device simulator, Silvaco ATLAS [7] is used to evaluate and 

compare the performance parameters of the proposed device 

with the standard device. 

 
 

Fig. 1  Cross-sectional view of the (a) standard 

LDM OSFET and (b) proposed LDMOSFET 

2. DEVICE STRUCTURE AND DESIGN  

ASPECTS 
Fig. 1 shows the schematic cross-sectional views of the 

standard and proposed devices implemented in n-type 

In0.53Ga0.47As drift layer on P-type InP substrate. Both the 

structure is having identical gate-length, cell pitch and drift 

layer doping. In case of the standard LDMOSFET, a gate field 

plate is placed over the drift region to reduce the electric field 

on the surface of InGaAs layer leading to higher breakdown 

voltage of the device. The length of field-plate is optimized to 

obtain maximum breakdown voltage for the cell pitch of 3ɛm. 
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Table I  

Structural Parameters of the Standard LDMOSFET and 

the Proposed LDMOSFET  

Symbol Units Standard Proposed 

L ɛm 3 3 

LG ɛm 0.5 0.5 

LFP ɛm 1.2 0.3 

tox ɛm 0.03 0.03 

tox1 ɛm - 0.15 

tox2 ɛm - 0.03 

tepi ɛm 0.6 1.60 

LD ɛm 1.5 0.3 

L1 ɛm - 0.55 

L2 ɛm - 0.4 

L3 ɛm - 0.65 

Nd cm-3 2.0 x 1016 2.0 x 1016 

P-body cm-3 8.0 x 1016 8.0 x 1016 

N+ cm-3 1.0 x 1019 1.0 x 1019 

P+ cm-3 1.0 x 1019 1.0 x 1019 

In order to further improve the breakdown voltage of standard 

device, a trench-gate structure is proposed for the same cell 

pitch as shown in Fig. 1(b). In the proposed structure, one gate 

is placed on the surface of InGaAs as in case of the standard 

LDMOSFET and the other gate is placed vertically in a trench 

on left side of the P-body region. The new device also contains 

one trench filled with Al2O3 in the drift region between drain 

and source. In the proposed structure, two channels are created 

in the P-body region when a positive gate voltage is applied on 

both the gates resulting parallel flow of current from drain to 

source. The trench structure of the proposed device reduces the 

electric field in the drift region and hence improves the 

breakdown voltage. The on-resistance of the proposed device is 

higher as compare to the standard device due to increase in 

effective drift region length and reduced cross-section area to 

flow of current at low drain to source voltages. However, the 

proposed device is having higher overall figure-of-merit due to 

large improvement in the breakdown voltage for the same cell 

pitch of 3ɛm. The other device dimensions and doping which 

affect the device performance are listed in Table I for both the 

standard and proposed devices. 

3. SIMULATION RESULTS  
Both the standard and proposed LDMOSFET structures were 

created in the device simulator (ATLAS). Two dimensional 

numerical simulation were performed using suitable models in 

the simulator for various physical processes such as Shockley-

Read-Hall, concentration-dependent mobility, electric-field-

dependent mobility, and impact ionization. 

 

Fig. 2 Off-state breakdown characteristics of the standard 

and the proposed LDMOSFET 

 

Fig. 3 2D electric field contours at VDS = 18 V in (a) 

standard LDM OSFET and (b) proposed LDMOSFET 

Fig. 2 gives the simulated breakdown characteristics of both 

the devices which are obtained by increasing the drain to 

source voltage (VDS) when no gate bias is applied i.e. at VGS = 

0 V. For a drift region doping of 2×1016cmī3, the breakdown 

voltage of the standard LDMOSFET is found to be 22 V which 

increases to 72 V in case of the proposed device. This shows 

that a 3.2 times improvement in the breakdown voltage can be 

achieved from the proposed structure as compared to the 

standard device. This large improvement in the breakdown 

voltage is due to reduction in electric field in the drift region of 

the proposed device. Two-dimensional electric field 

distribution is shown in Fig. 3 for both the devices at VDS=18 

V. As seen from this figure, in case of the standard device, the 

peak electric field occurs at point óAô at the end of the gate 

field-plate. On the other hand, a reduced peak electric field at 

point óBô is obtained for proposed structure due to presence of 

two trenches in the drift region. Further, Fig. 4 shows the two 

dimensional electric field contours for both the devices at 

breakdown. The peak electric field responsible for breakdown 

remains at point óAô for standard device whereas it shifts to 

point óCô for proposed device. We also notice that the peak 

electric field at the breakdown for both the devices is equal. 

 


